In a batch of barley associated with field cases of mycotoxic porcine nephropathy and containing ochratoxin A and citrinin, the mycoflora were isolated by parallel incubation at 10 and 25°C. Subsequently, the isolated cultures were checked for production of nephrotoxins (xanthomegnin, viomellein, ochratoxin, and citrinin Ochratoxin A is a major disease determinant of mycotoxic porcine nephropathy, an endemically occurring disease in several European countries (9). The kidneys, being the target organs, contain ochratoxin A, and renal analysis for ochratoxin A residues has been extensively used in surveys for ochratoxin-associated porcine nephropathy. Surveys in Denmark, Sweden, and Hungary have revealed that 25 to 39% of swine kidneys with nephropathic lesions contain residues of ochratoxin A (8, 16, 17) . However, the survey data also indicate that nephrotoxins other than ochratoxin A might be involved in the causation of mycotoxic porcine nephropathy, since only a fraction of the kidneys actually contained ochratoxin. The fungal quinones, xanthomegnin and viomellein, might play a causal role in mycotoxic porcine nephropathy, although these metabolites so far have not been encountered as natural contaminants of feedstuffs. Renal lesions, comparable to ochratoxinassociated nephropathy, developed in swine during ingestion offeed that was inoculated with a culture of Aspergillus ochraceus known to produce xanthomegnin and viomellein (27). Here we report on the detection of viomellein and the corresponding quinone-producing mycoflora in a barley batch which was associated with field cases of mycotoxic porcine nephropathy.
Ochratoxin A is a major disease determinant of mycotoxic porcine nephropathy, an endemically occurring disease in several European countries (9) . The kidneys, being the target organs, contain ochratoxin A, and renal analysis for ochratoxin A residues has been extensively used in surveys for ochratoxin-associated porcine nephropathy. Surveys in Denmark, Sweden, and Hungary have revealed that 25 to 39% of swine kidneys with nephropathic lesions contain residues of ochratoxin A (8, 16, 17) . However, the survey data also indicate that nephrotoxins other than ochratoxin A might be involved in the causation of mycotoxic porcine nephropathy, since only a fraction of the kidneys actually contained ochratoxin. The fungal quinones, xanthomegnin and viomellein, might play a causal role in mycotoxic porcine nephropathy, although these metabolites so far have not been encountered as natural contaminants of feedstuffs. Renal lesions, comparable to ochratoxinassociated nephropathy, developed in swine during ingestion offeed that was inoculated with a culture of Aspergillus ochraceus known to produce xanthomegnin and viomellein (27) . Here we report on the detection of viomellein and the corresponding quinone-producing mycoflora in a barley batch which was associated with field cases of mycotoxic porcine nephropathy.
( (13, 14 16 days. After removal of the fungal mats from the broth, they were covered with chloroform for 3 days to kill the fungal organism and dried on filter paper at room temperature for 3 days.
Chemical analysis for nephrotoxins. (i) Barley and rice. The concentration of ochratoxin A and citrinin in the barley sample and the rice cultures was measured by thin-layer chromatographic procedures, including confirmation tests for identification of ochratoxin A (10) and citrinin (6) . The quinones were detected and quantitated by a thin-layer chromatographic procedure, which was modified from three published procedures (3, 15, 21) . The procedure involved extraction of a finely ground, 50-g sample with 250 ml of chloroform in a Waring blender for 5 min. After filtration, the extract was evaporated to dryness, and partitioning of the residue was performed in 100 ml of n-hexane-90o acetone in water (1:1). The acetone layer was collected, and partitioning of the n-hexane layer was repeated. The combined acetone layers were extracted twice with 50 ml of chloroform, and the combined chloroform extract was dried over anhydrous sodium sulfate and evaporated to dryness.
(ii) Fungal mat. The fungal mat was defatted in nhexane for 24 h. After the hexane was discarded, 5 ml of 1 N hydrochloric acid was added, and the mat was extracted twice with 100 ml of chloroform. After filtration, the combined chloroform portions were dryed over anhydrous sodium sulfate and evaporated to dryness.
Thin-layer chromatography was performed on silica gel (60 HR; E. Merck A.G., Darmstadt, Federal Republic of Germany) in an unequilibrated, unlined tank with toluene-ethyl acetate-formic acid (6:3:1) for 40 min. After drying, the plates were observed under longwave UV light and daylight. The plates were exposed to ammonia fumes and examined again under longwave UV ochraceus. Abscissa, wave number (cm-'); ordinate, percent transmission (%T).
acid bands occurred in all three spectra of viomellein. However, by examining the region with minor interference (1,800 to 1,250 cm-'), the same bands can be recognized in all three spectra. Strong interference was observed in the following regions: 3,700 to 3,400 cm-'; 3,100 to 2,900 cm-'; 1,250 to 1,050 cm-'; 850 to 600 cm-1. In spite of this interference, the identity of the viomellein spectrum from P. viridicatum 852 with the spectra of reference viomellein and of viomellein from A. ochraceus is reasonably well ensured. The identity of citrinin from Penicillium cyclopium 853 was established by formation of the acetate derivative (6) . This is the first report of P. cyclopium as a citrinin producer.
All eight toxin producers were terverticillate organisms with rough stipes, showing fasciculation at the marginal area of the colonies (Fig. 2) . The main quinone producer, P. viridicatum 852, formed granular colonies on Czapek agar, attaining a diameter of 3.6 to 4.3 cm in 2 weeks at 25°C, which is comparable with the type culture, P. viridicatum NRRL 963, described by Raper and Thom (14) . The conidial area was yellowgreen and remained so with age. On malt agar, growth of P. viridicatum 852 was restricted, compared with the type culture, P. viridicatum NRRL 963 (Fig. 2) . The six P. cyclopium cultures (853, 885, 886, 887, 888, and 889) had colonies with spreading growth on both Czapek and malt agar, with blue-green conidial areas on both media. Culture 884, Penicillium crustosum, grew as a spreading colony on Czapek and malt agar, with yellow-green conidia that formed crusts. The culture produced a limited rot of pomaceous fruits. This is the first report of P. crustosum as a quinone producer.
Thin-layer chromatographic analysis of the barley sample demonstrated the presence of 1 mg of viomellein per kg, in addition to 1.9 mg of ochratoxin A per kg and 0.8 mg of citrinin per kg. The IR spectrum of the extract from the barley sample shows that viomellein is contaminated with a compound having a strong band at 1,750 cm-' (Fig. 3) . However, the bands of viomellein from the barley sample in the region from 1,800 to 1,300 cm-' can be distinctly compared with those of reference viomellein and of viomellein from A. ochraceus. Outside this region it is difficult to distinguish viomellein bands in the spectrum from the barley sample because of the interference from formic acid bands. In conclusion, there are several indications in the IR spectrum of the presence of viomellein in the barley sample.
DISCUSSION
By comparison of the IR spectra of xanthomegnin and viomellein from P. viridicatum 852 with published IR spectra (15) (Fig. 1) . Generally, the minor differences observed between the various IR spectra of viomellein are most likely due to small amounts of degradation products incurred during sample storage and handling.
The IR spectrum of viomellein from the barley sample provides only a limited degree of identification per se because of the presence of a contaminating compound as well as interference from the solvent used in isolation of viomellein (Fig. 3) . However, the pronounced fungal potential for quinone production, demonstrated by the isolation of seven quinone-producing cultures belonging to three species of Penicillium (Table  2 ), provides convincing evidence that the isolated compound from barley is viomellein. This is further supported by the performance of the compound during thin-layer chromatography.
The quinone pigment xanthomegnin was first discovered in cultures of the dermatophytes Trichophyton megnini and Trichophyton rubrum (7, 24, 25) . Xanthomegnin and viomellein have subsequently been identified in cultures of other dermatophytes, as well as in cultures of species belonging to Aspergillus and Penicillium (Table   TABLE 3 3). The concentrations reported for xanthomegnin and viomellein in fungal cultures vary considerably, even for the same culture, and levels more than 100 times higher than those indicated in Table 2 have been observed. It should, however, be kept in mind that all published methods of analysis for the quinones are highly inadequate in terms of sensitivity, and optimal conditions for fungal production of quinones are rudimentarily elucidated for the same reason.
It is noteworthy that all toxin-producing Penicillium cultures were isolated at a low temperature of incubation (10°C), a feature cortpborating earlier observations of ochratoxin A-and citrinin-producing penicillia being isolated at 10°C (18) . In identifying the isolated penicillia, the taxonomic classification described previously (14, 16) No ochratoxin producer was isolated from the barley sample, probably because the responsible organism was no longer viable or because the organism had been so unevenly distributed in the barley that 25 kernels per level of incubation temperature did not provide a representative sample for purposes of isolation. However, this observation is not entirely unusual, since no ochratoxin producer was isolated from the corn sample when this compound was first encountered as a natural contaminant (20) .
Crystalline xanthomegnin and viomellein were fed separately to two groups of mice during a 10-day trial (1). They developed identical lesions, predominantly in the liver, including necrotizing cholangitis, focal hepatic necrosis, and hyperplasia of the biliary epithelium, with only minor changes in the kidneys; this spectrum of lesions was previously observed in rodents that were fed cultures of quinone-producing P. viridicatum and other species. Quite oppositely, the kidneys were the target organ in pigs fed a ration containing a rice culture of A. ochraceus M-298-SC (a known quinone producer) during a 2-month trial (26, 27) . The renal lesions developed included tubular necrosis with thickened basement membranes and cortical fibrosis, which is comparable with ochratoxin A-associated porcine nephropathy (9) .
The modified thin-layer chromatographic method of analysis used in this study has better recovery (Table 1 ) than a previously reported high-pressure liquid chromatographic procedure (21) . However, the sensitivity is poor, with a limit of detection at about 1 mg/kg. Since the fungal potential for quinone production is high, with 11 to 33% of the more common penicillia in grain, P. cyclopium and P. viridicatum, able to produce xanthomegnin or viomellein or both (23) , the inadequate chemical methods of analysis appear to prevent the elucidation of the true frequency and levels of quinone contamination of foodstuffs. 
